The rational selection of ligands is vitally important in the construction of new organic-inorganic hybrid three-dimensional perovskite complexes. [NaI 4 ]I 3 ÁH 2 O} n , 2, have been synthesized by adjusting the stoichiometric ratio of sodium iodide and piperazine, and were characterized by single-crystal X-ray diffraction. In the crystal structures of 1 and 2, each Na I cation is linked to six I atoms, but the compounds show completely different configurations. In 1, the structure includes a perovskite-like array of vertex-sharing NaI 6 octahedra stretching along the direction of the three axes, and each piperazinediium dication is enclosed in the NaI 3 perovskite cage. However, in 2, each Na I atom bridges a single I atom to form a one-dimensional linear chain, and complex intermolecular hydrogen bonds connect these one-dimensional chains into a threedimensional supramolecular network.
Three-dimensional organic-inorganic hybrid sodium halide perovskite: C 4 H 12 N 2 ÁNaI 3 and a hydrogen-bonded supramolecular three-dimensional network in 3C 4 [NaI 4 ]I 3 ÁH 2 O} n , 2, have been synthesized by adjusting the stoichiometric ratio of sodium iodide and piperazine, and were characterized by single-crystal X-ray diffraction. In the crystal structures of 1 and 2, each Na I cation is linked to six I atoms, but the compounds show completely different configurations. In 1, the structure includes a perovskite-like array of vertex-sharing NaI 6 octahedra stretching along the direction of the three axes, and each piperazinediium dication is enclosed in the NaI 3 perovskite cage. However, in 2, each Na I atom bridges a single I atom to form a one-dimensional linear chain, and complex intermolecular hydrogen bonds connect these one-dimensional chains into a threedimensional supramolecular network.
Introduction
In recent decades, three-dimensional organic-inorganic hybrid perovskites have been of interest to researchers, not only for their remarkable structural variability and highly tunable properties, but also for their rich physical properties, such as superconductivity, ionic conductivity and ferroelectric related properties (Jin et al., 2009; Saparov & Mitzi, 2016; Veldhuis et al., 2016) . Such hybrid perovskites have a simple generic formula of AMX 3 (A = organic cation, M = metal cation and X = halogen anion) and the structural characteristic of corner-sharing MX 6 octahedra. Among them, there have been a large number of reports on the halometallates of Pb II and Sn II ions because of their superior semiconducting properties, but related systems containing alkali metal halides are rare (Lee et al., 2003; Shi et al., 2017; Liao et al., 2016b; Galkowski et al., 2016; Yang et al., 2015; Liao et al., 2016a) . To be precise, the first alkali metal halide perovskites, RMCl 3 (R = piperazine and M = K, Rb and Cs), were found less than ten years ago (Paton & Harrison, 2010) . In recent years, due to the development of molecular ferroelectric materials Xu et al., 2017; Liao et al., 2017) , three-dimensional alkali metal halide perovskites have attracted the attention of researchers again. Just last year, Xiong and co-workers reported two high-T c three-dimensional perovskite ferroelectric materials, i.e. [3-ammoniopyrrolidinium]ÁRbBr 3 and ISSN 2053 ISSN -2296 [N-methyl-1,4-diazoniabicyclo[2.2.2]octane]ÁRbI 3 Zhang et al., 2017) .
Following on from this work, we report the new threedimensional organic-inorganic hybrid perovskite C 4 H 12 N 2 Á-NaI 3 (1). In addition, considering that the dimensionality of three-dimensional perovskites can often be switched by alteration of the experimental conditions (e.g. CH 3 NH 3 ÁPbI 3 ; Jodlowski et al., 2016) , we obtained a new compound, i.e. 3C 4 H 12 N 2 ÁNaI 4 Á3IÁH 2 O (2) with a peculiar one-dimensional [NaI 5 ] 4À linear chain and a three-dimensional hydrogenbonded supramolecular network by adjusting the stoichiometry of piperazine and sodium iodide.
Experimental
2.1. Synthesis and crystallization 2.1.1. Synthesis of C 4 H 12 N 2 ÁNaI 3 , (1). An aqueous solution (20 ml) of sodium iodide (1.49 g, 10 mmol) was added dropwise to an equimolar ratio of piperazine (0.86 g, 10 mmol) in water (5 ml) with stirring. The solution was then filtered to remove insoluble impurities. Yellow block-shaped crystals of 1 suitable for X-ray diffraction were obtained by slow volatilization of the aqueous solution at 330 K after 2 d.
2.1.2. Synthesis of 3C 4 H 12 N 2 ÁNaI 4 Á3IÁH 2 O, (2). An aqueous solution (20 ml) of sodium iodide (0.75 g, 5 mmol) was added dropwise to an aqueous solution (5 ml) of piperazine (1.29 g, 15 mmol). The solution was stirred for 20 min and then filtered to remove insoluble impurities. Yellow needle-shaped crystals of 2 were obtained by slow volatilization of the aqueous solution at 330 K after 2 d.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , SHELXL2014 (Sheldrick, 2015) and DIAMOND (Brandenburg & Putz, 2005) . Compound 1 crystallizes in the monoclinic system (space group C2/c) and exhibits the three-dimensional perovskite framework. The asymmetry unit (Fig. 1) includes one Na I cation located on a twofold axis, one half of a piperazinediium dication located about a centre of inversion and two iodide ions attached to the Na I cation. As shown in Fig. 2 , 1 is different from C 4 H 12 N 2 ÁKCl 3 ÁH 2 O, due to the Na-I bond length being less than that of K-Cl (Table 2 ); the NaI 6 perovskite cage encloses one piperazinediium cation and prevents the entry of water molecules. In addition, the H atoms on the C and N atoms of piperazinediium form weak hydrogen bonds with the I atoms in the cage, resulting in significant octahedral tilting (Fig. 3) . According to Glazer's 23 tilt system (Glazer, 1972 (Glazer, , 1975 , the octahedral tilting of compound 1 should belong to the 'a
Detailed information of the C-HÁ Á ÁI and N-HÁ Á ÁI hydrogen bonds is given in Table 3 . It can be seen from the packing diagram (Fig. 4) 
Figure 2 Hydrogen-bond geometry (Å , ) for 1. Symmetry codes:
Figure 3
The hydrogen bonds (dashed lines) in 1 of the C and N atoms of the piperazinediium cation with the I atoms of the NaI 6 octahedra. arranged along the same direction; however, the piperazinediium cations along the c axis are arranged in a zigzag manner, viz. '\/\'. In summary, compound 1 has the familiar three-dimensional perovskite framework structure, where the piperazinediium cations are confined in the cavities enclosed by corner-sharing NaI 6 octahedra and stabilized by C-HÁ Á ÁI and N-HÁ Á ÁI hydrogen bonds.
Structure of 3C
Compound 2 crystallizes in the monoclinic system (space group P2 1 /n) but displays a one-dimensional linear chain-like geometry. The asymmetry unit contains three whole piperazinediium cations, one lattice water molecule, two dissociated iodide ions and one Na atom in a glide plane coordinated with five iodide ions. As can be seen from Table 4 Selected geometric parameters (Å , ) for 2. Symmetry codes:
Table 5 Hydrogen-bond geometry (Å , ) for 2. zontal direction, thus presenting a one-dimensional linear chain. As shown in Table 4 , the length of the Na-I bonds are within the reasonable range 3.180 (5)-3.515 (6) Å and the INa-I angles are in the ranges 84.32 (14)-94.56 (16) and 176.97 (18)-178.20 (17) . It is worth noting that there are very complex hydrogen bonds in compound 2. These hydrogen bonds can be divided roughly into four types ( Table 5 . As shown in Fig. 7 , the water H atoms form hydrogen bonds with the I atoms on the two sides of the NaI 5 chain (i.e. O1
i -H1Á Á ÁI5
ii and O1 i -H2Á Á ÁI2 ix ; Table 5 ), thus forming a twodimensional network on the ac plane. On the other hand, the free I atoms (i.e. I6 and I7) and the bridging I atoms (i.e. I3) form N-HÁ Á ÁI hydrogen bonds with the H atoms of the piperazinediium N atoms, which extends the two-dimensional network into a three-dimensional hydrogen-bonded supramolecular network (Fig. 8) .
Summary
Two new organic-inorganic hybrid sodium halides have been synthesized by adjusting the stoichiometric ratio of sodium iodide and piperazine. C 4 H 12 N 2 ÁNaI 3 , 1, presents an interesting three-dimensional perovskite structure. However, compound 3C 4 H 12 N 2 ÁNaI 4 Á3IÁH 2 O, 2, features a singular three-dimensional hydrogen-bonded network. The different used to refine structure: SHELXL2014 (Sheldrick, 2015) for C2C; SHELXL2014/7 (Sheldrick, 2015) for C. For both structures, molecular graphics: DIAMOND (Brandenburg & Putz, 2005) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) .
Poly[piperazinediium [tri-µ-iodido-sodium]] (C2C)
Crystal data Extinction correction: SHELXL2014 (Sheldrick, 2015) Extinction coefficient: 0.0060 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction correction: SHELXL2014 (Sheldrick, 2015) Extinction coefficient: 0.0060 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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